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Infrared (IR) absorption spectroscopy has been used to probe the evolution of micro- 
scopic vibrational states upon the temperature- and photo-induced spin crossovers in [Fe(2- 
picolylamine)3]Cl2EtOH (Fe-pic). To overcome the small sizes and the strong IR absorption of 
the crystal samples used, an IR synchrotron radiation source and an IR microscope have been 
used. The obtained IR spectra of Fe-pic show large changes between high-spin and low-spin 
states for both the temperature- and the photo-induced spin crossovers. Although the spectra 
in the temperature- and photo-induced high-spin states are relatively similar to each other, they 
show distinct differences below 750 cm -1 . This demonstrates that the photo-induced high-spin 
state involves microscopically different characters from those of the temperature-induced high- 
spin state. The results are discussed in terms of local pressure and structural deformations 
within the picolylamine ligands, and in terms of their possible relevance to the development of 
macroscopic photo-induced phase in Fe-pic. 

KEYWORDS: spin crossover complex, photo-induced phase transition, infrared spectroscopy, infrared syn- 
chrotron radiation 



1. Introduction 

Recently, photo-induced spin crossover (SC) phenom- 
ena have attracted a lot of interest in the condensed mat- 
ter physics community. Various compounds have been 
shown to exhibit photo-induced SC, many of which 
are organic complexes containing transition metal ele- 
ments. [Fe(2-pic) 3 ]Cl2EtOH (2-pic = 2-picolylamine = 
2-aminomethyl pyridine, EtOH = ethanol), hereafter re- 
ferred to as Fe-pic, is one of such spin-crossover com- 
pounds. 1-5 ' As illustrated in Fig. 1(a), in Fe-pic an 
Fe 2+ ion is coordinated by three 2-picolylaminc ligands, 
where Fe 2+ is octahedrally surrounded by nearest neigh- 
bor N atoms. A picolylamine molecule is sketched in 
Fig. 1(b). Four formula units of [Fe(2-pic) 3 ]Cl 2 EtOH are 
contained in a unit cell. Two different electron config- 
urations are possible for Fe 2+ , depending on the Hund 
coupling among the 3d electrons and the crystal held 
splitting, as sketched in Fig.l (c). If the former is greater, 
Fe 2+ takes the total spin 5=2 ("high-spin" state), and 
otherwise it takes 5=0 ("low-spin" state), where the Fe- 
N bond length is larger in 5=2 state. Fe-pic undergoes a 
SC from 5=2 to upon cooling through T c ~ 115 K as 
shown in Fig. 1(d), where 7^5, the fraction of high-spin 
Fe 2+ ions deduced from the measured magnetic suscepti- 
bility, is plotted as a function of temperature. 8 ' Far below 
T c , the conversion to 5=0 is almost complete. The SC oc- 
curs in a temperature width of about 30 K. (The plateau- 
like structure seen in the middle of crossover in 7^5 is of 
great interest, 9 ' but not discussed in this work.) Below 
T c , a photoexcitation can cause a crossover back to 5=2. 
At low temperatures, this photo-induced 5=2 state has 
a long lifetime even after the photoexcitation is turned 
off, reaching a few hours at 10 K, . Hereafter, we refer 
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to these three characteristic states of Fe-pic as follows: 
the high-temperature, high-spin (5=2) state above T c 
as "HTHS", the low-temperature, low-spin (5=0) state 
below T c as "LTLS", and the photo-induced, high-spin 
(5=2) state below T c as "PIHS" . 

A stabilization of high-spin state under photoexcita- 
tion at low temperatures has been found for many differ- 
ent SC compounds, and referred to as the "light-induced 
excited spin-state trapping". In the case of Fe-pic, the de- 
velopment of PIHS has a characteristic threshold for the 
photoexcitation intensity, and an incubation time exists 
between the start of photoexcitation and the appearance 
of PIHS. 4 ' In addition, the relaxation of PIHS to LTLS 
is strongly non-exponential. 3 ' These characteristic fea- 
tures strongly suggest that the appearance of PIHS in 
Fe-pic involves a collective interaction among the Fe 2+ 
ions. Because of this, it has been suggested that the ap- 
pearance of PIHS in Fe-pic should be a transition to a 
new macroscopic phase under photoexcitation, referred 
to as the "photo-induced phase transition" . 5 ' Its general 
understanding is the following: After the photoexcitation 
of low-spin Fe 2+ ions to high-energy states, some of them 
relax to the high-spin state, instead of relaxing directly 
to the initial low-spin state. Since the relaxation to the 
high-spin state involves a large lattice deformation (ex- 
pansion), it may have a long lifetime when the thermal 
fluctuation is quenched at low temperatures. Because of 
this, the density of high-spin Fe 2+ ions increases with 
time. When it reaches a critical value, the local defor- 
mations at different Fe 2+ sites act collectively, leading 
to the development of PIHS over a macroscopic volume. 
However, the microscopic nature of the PIHS has not 
been understood well. For example, there has been a lot 
of discussion whether or not the PIHS and the HTHS 
are the identical 5=2 states. In addition, it is not well 
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known how the local deformations at the FeNg clusters 
lead to a long-range, collective interaction among them 
required for the development of PIHS. 

To answer the above questions, it is important to ob- 
tain microscopic information about the electronic and 
vibrational states of Fe-pic in the three states. For this 
purpose, both Raman and infrared (IR) spectroscopics 
have been performed. 5 ~ 7 ) Raman spectroscopy has the 
advantage of being able to use resonance effects by tun- 
ing the incident photon energy, which is particularly use- 
ful in studying transition-metal complexes such as Fe- 
pic. Indeed, the Raman studies of Fe-pic have provided 
much insight into the microscopic properties of Fe-pic. 
With the IR spectroscopy, one can use very low intensity 
and small photon-energy for the incident beam. This is 
also useful for the study of photo-induced SC, since one 
can separate the photoexcitation source and the probe 
IR source. Previous IR works of Fe-pic 5-7 ^ had been per- 
formed on powder samples pressed into KBr pellets. This 
was due to the small sizes (typically less than 1 mm) 
of the crystalline Fe-pic, and due to its very strong ab- 
sorption in the mid-IR range. Fe-pic is a soft material, 
and is very easily oxidized. Hence with powder samples, 
there is a risk of obtaining extrinsic effects arising from 
surface oxidization, stress and strain caused by pressing, 
and also from size effects when using long-wavelength IR 
radiation. (Wave numbers below 2000 cm -1 correspond 
to wavelengths longer than 5 /im, which may be well 
comparable to the powder sizes.) Hence it is strongly de- 
sired to use crystalline samples to obtain the intrinsic 
bulk information. 

In this work, we have studied in detail the IR absorp- 
tion of Fe-pic using bulk crystal samples at various tem- 
peratures and under photoexcitation, to obtain intrin- 
sic information about the microscopic vibrational states 
of Fe-pic. To overcome the above-mentioned difficulties 
with using crystal samples, we have used a synchrotron 
radiation IR source and an IR microscope. Many absorp- 
tion lines have shown marked changes in the intensity 
and/or the peak position upon the temperature- and 
photo-induced SC's. In addition to the strong absorp- 
tion lines previously observed with powder samples, we 
have newly found many weak lines that also show marked 
variations upon SC's. Although the absorption spectra 
are relatively similar between HTHS and PIHS, there 
are clearly different spectral features below 720 cm -1 . 
Namely HTHS and PIHS involve microscopically differ- 
ent nature. We will discuss the implications of this result. 

2. Experimental 

The crystal samples of Fe-pic used in this work were 
grown by an evaporation method. Plate-shaped samples 
with a typical size of 0.5x0.5x0.1 mm 3 were used. The 
IR spectroscopy was performed using a synchrotron ra- 
diation source and an IR microscope at the beam line 
BL43IR of SPring-8. 10, n ) Since the synchrotron radi- 
ation is emitted from an electron beam, the effective 
source size is much smaller than the conventional source. 
When focused onto the sample through the microscope, 
a spot diameter as small as 15 yum was obtained with- 
out using any aperture or pin-hole. To achieve the same 



spot size with a conventional IR source, it would be nec- 
essary to place a small pin-hole within the optical path, 
which should result in much smaller intensity. With such 
low intensity of incident IR beam, it would be impossi- 
ble to study the transmission spectra of Fe-pic, which is 
strongly absorbing in the mid-IR range. To cool the sam- 
ple a liquid He continuous flow cryostat was used, and 
to record the IR spectra a Fourier transform IR interfer- 
ometer and a HgCdTe detector were also used. 

3. Results and Discussion 

In Section 3.1 the measured IR spectra of Fe-pic are 
presented ("IS (X function of temperature on going from 
HTHS to LTLS. In Section 3.2, the IR spectra after pho- 
toexcitation are presented, and the spectra in the three 
states are compared to one another. In Section 3.3, first 
the observed IR lines are assigned to specific vibration 
modes of Fe-pic, and then the discussion will be given. 

3. 1 IR spectra of Fe-pic as a function of temperature 

Figure 2 shows the optical density (OD) spectra of Fe- 
pic at temperatures above and below T c recorded without 
photoexcitation. OD is a measure of absorption, given 
as -\og[I{v)/ I {v)\, where v is the wave number, l(y) 
is the transmission spectrum of the sample and Iq{v) is 
the reference spectrum recorded without sample. The de- 
tection limit for a weak transmission was about OD=2.7 
when the accumulation time was 2 min, and Fig. 2 shows 
the spectra below OD=2.5 only. A large number of ab- 
sorption lines are observed in Fig. 2, which are basically 
due to intramolecular vibration modes of picolylamine, 
ethanol, and FeN 6 clusters. Intermolecular or lattice vi- 
brations should have much lower frequencies, since they 
involve vibrations of the entire Fe-picolylamine complex. 
With decreasing temperature from above to below T c , 
hence going from HTHS (5=2) to LTLS (5=0), some of 
the lines show large variations in their intensities and/or 
frequencies. In Fig. 2, some of such absorption lines are 
indicated by the shaded areas. Note that those at 600- 
750 cm -1 show particularly large temperature variations. 
In addition, weak but characteristic lines have been ob- 
served at 2150-2400 cm^ 1 , as shown in Fig. 3. These lines 
also show very large intensity changes with decreasing 
temperature. The strong absorption lines seen in Fig. 2 
had been already observed in the previous work based 
on powder samples, 6, 7 ) but many of the weak lines in 
Figs. 2 and 3 had been overlooked. 

Figure 4 shows the temperature dependence of the in- 
tensity for several absorption lines seen in Figs. 2 and 
3. For each curve, the intensity integrated over the wave 
number range indicated in the figure has been normal- 
ized by the difference between 40 and 200 K. It is very 
clear that the intensity variations during the SC closely 
follow that of 7H5, shown in Fig. 1(d). In particular, the 
temperature width over which the intensity changes is as 
narrow as that in jhs ■ Apparently, the vibration modes 
giving rise to these absorption lines are strongly coupled 
with the spin state of Fe 2+ . In the previous work with 
powder samples, 7 ) the intensity change of an IR absorp- 
tion line during the SC was observed much broader than 
that in jhs- Hence the present data based on the crys- 
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tal samples appear to provide more intrinsic information 
regarding the microscopic vibrational states in Fe-pic. 

3.2 IR spectra in the PIHS, and comparison with those 
in the other two states 

Figure 5 shows the IR absorption spectra of Fe-pic in 
LTLS and PIHS at 10 K, which were recorded before 
and after a photoexcitation for 5 min, respectively. Some 
of the observed IR lines have been labeled by the let- 
ters a to i in Fig. 5. The photoexcitation was made by 
a white light from a tungsten lamp with a power density 
of ~ 1 mW/mm 2 , and it was turned off before the data 
accumulation. The white light had a broad spectral dis- 
tribution from visible to near-IR, which covered a wide 
photon energy range below the absorption edge of Fe-pic. 
Hence the excitation light had a large penetration depth 
and the photoexcitation was made uniformly within the 
sample volume. The PIHS of Fe-pic has a long lifetime 
at 10 K, and indeed the IR absorption spectra measured 
immediately after and 5 min after the turn-off of the 
excitation source were nearly identical. In Fig. 5, many 
of the lines exhibit marked variations upon photoexci- 
tation. Particularly strong variations are evident for the 
lines below 750 cm -1 , those around 1200 cm -1 and 1600 
cm -1 , and those between 2200 and 2400 cm -1 . Since the 
sample temperature is the same for the two spectra, these 
spectral variations are purely due to changes in the mi- 
croscopic vibrational states caused by the photo-induced 
SC. 

Figure 6 compares the IR spectra in HTHS (140 K) 
and PIHS (10 K). The spectrum in PIHS is the same as 
that in Fig. 5, and the line labels are also the same as 
those in Fig. 5. Above 750 cm -1 , the two spectra in Fig. 6 
seem to have no fundamental differences, taking into ac- 
count the large temperature difference (10 and 140 K). 
Below 750 cm -1 , however, the two spectra exhibit re- 
markable differences: First, the line b is present in PIHS, 
but not in HTHS. Second, the lines b', c and b" are appar- 
ently shifted toward higher frequency in PIHS. Since no 
such shifts are observed above 750 cm -1 , the shifts of the 
b', c and b" lines should not be due to thermal expansion 
of the crystal as a whole, but due to a local deforma- 
tion of specific fragments within the crystal structure of 
Fe-pic. 

3.3 Line assignments and discussion 

To assign the observed absorption lines to specific vi- 
bration modes of Fe-pic, we first compared the observed 
spectra to the published IR spectra of 2-picolylaminc 
and ethanol. 12 ) To distinguish the absorption lines re- 
lated with the aminomethyl base from those related with 
the pyridine ring [see Fig. 1(a) and (b)], we compared 
the published spectra of 2-picolylamine with those of 2- 
amino- pyridine, 2-methyl- pyridine, and pyridine. 12 ) To 
assign the IR lines to specific vibration modes, we fol- 
lowed the standard guidelines for the IR line assign- 
ment of organic compounds. 13 ' 14 ) Characteristic vibra- 
tion modes of a specific fragment, for example the bend- 
ing vibration modes of the pyridine ring when it is 2- 
substituted as in the case of 2-picolylaminc, have been 
known to appear in characteristic frequency bands. 13 ' 14 ) 



It was possible to assign most of the observed IR lines 
to specific vibration modes by these procedures. Ta- 
ble I summarizes the results of the assignment. The lines 
above 750 cm -1 are due to the C-H deformation modes 
and the skeletal stretching modes of the picolylamine. 
For the bands i and j, the C-H deformation modes within 
the picolylamine and the ethanol, and the C-N stretch- 
ing modes of the aminomethyl base overlap. 13 ' 14 ) In con- 
trast, the lines below 750 cm -1 result from the skeletal 
deformation (bending) of picolylamine, in addition to the 
low-frequency C-H deformation modes. The lines 6, b' 
and b" in Fig. 5, which show particularly large variations 
with the SC, could not be assigned with the above pro- 
cedures only. They were assigned to the skeletal bending 
modes of — C— C— N— in the aminomethyl base as ex- 
plained below, 

Detailed structure studies of Fe-pic using X-ray diffrac- 
tion (XRD) have been reported in HTHS and LTLS, 15 ) 
and also in PIHS. 16 ) They have shown the following re- 
sults: The lattice constants decrease by ~ 1% from HTHS 
(150 K) to LTLS (80 K), and increase by - 1% from 
LTLS to PIHS at 10 K. On the other hand, the average 
Fe-N distance decreases by ~ 8 % from HTHS (150 K) 
to LTLS (90 K), and increases by - 9 % from LTLS to 
PIHS at 10 K. 16 ) Namely, the contraction and the expan- 
sion of FcN 6 upon the temperature- and photo-induced 
SC's are much greater than those of the unit cell. This 
strong contraction/expansion of FeN@ is expected to pro- 
duce a physical pressure on the picolylamine molecules, 
which bridge two of the six N atoms in the FeNg clus- 
ter. This will certainly result in a deformation of the 
picolylamine molecules. Hence the vibration modes of 
picolylamine actually involving such deformation, i.e., 
the skeletal vibration modes, are expected to be signif- 
icantly affected upon the SC; the lines b, b' and b" are 
likely to result from such vibration modes. The XRD re- 
sults 16 ) have also shown that HTHS and PIHS are quite 
similar in terms of the average crystal structure, with 
the same space group and very close values of lattice 
constants and average Fe-N distance. Regarding the lo- 
cal structure, however, an important difference has been 
found between PIHS and HTHS by the X-ray absorp- 
tion near-edge structure (XANES) and extended X-ray 
absorption fine structure (EXAFS) experiments. 17 ) Al- 
though XANES and EXAFS cannot directly determine 
the overall crystal structure, they can sensitively probe 
the local environment of Fe 2+ ions. Their main results 
are the following: 17 ) 

(i) The local symmetry at Fe 2+ is Oh in all the three 
states, i.e., it is kept unchanged in both the temperature- 
and the photo-induced SC's. 

(ii) The distribution in the distance between Fe 2+ and 
the next-nearest-neighbor (nnn) C atoms is slightly dif- 
ferent between HTHS and PIHS. 

The result (i) shows the absence of Jahn- Teller effect in 
Fe-pic. Since all the nnn C stoms are contained in the 
ligand picolylamine, the result (ii) strongly suggests that 
the picolylamine molecules in PIHS are slightly deformed 
compared with those in HTHS. Such deformation is prob- 
ably a consequence of the physical pressure created by 
the expansion of FeN 6 clusters, and should also be related 
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with the appearance of the b line in PIHS and the shifts 
of the b' and b" lines between PIHS and HTHS. Based 
on these results from XRD, XANES, and EXAFS, we 
have assigned the peaks b, b' and b" to the skeletal bend- 
ing of the — C— C— N part in the aminomethyl base. It is 
known 13 ' 14 ) that the C-N stretching modes appear in the 
range 1050-1300 cm -1 . Hence the range 600-700 cm -1 is 
reasonable for the corresponding bending vibrations. 

Finally, the I lines in Fig. 5, observed at 2300- 
2400 cm -1 and showing very large variations upon 
the SC, probably result from overtones and/or coupled 
modes of lower-frequency lines because no characteris- 
tic vibrations are expected in this range for picolylamine 
and ethanol molecules. 12 ~ 14 ) However, it is unclear which 
of the lower-frequency lines have actually resulted in the 
I lines. In spite of the small intensities, their spectral 
changes due to temperature- and photo- induced SC's are 
remarkably clear as shown in Figs. 3 and 5. Hence, the I 
lines may be due to coupled modes including FeN 6 clus- 
ter vibrations. Note that the line energies (approximately 
0.3 eV) are too small to be crystal field levels of Fe 2+ . 

The present results based on crystal samples of Fe- 
pic have shown that the microscopic vibration states 
undergo very large changes upon the temperature- and 
photo-induced SC's. These results are reasonable since a 
change of approximately 8 % in the Fe-N bond length, ob- 
served upon the SC, is quite a drastic effect. Therefore, 
the most remarkable result in the present work is the 
difference observed in the range 500-720 cm -1 between 
HTHS and PIHS, shown in Fig. 6. This demonstrates 
that the two high-spin states involve microscopically dif- 
ferent characters. As already mentioned, the expansion 
of FeN 6 cluster upon the LTLS — > PIHS crossover at 
10 K is expected to locally create a pressure on the lig- 
and picolylamine. However, such pressure is absent in 
HTHS. This additional, local pressure on the ligand pi- 
colylamine should be responsible for the shifts of lines 
b 1 , c and b" between PIHS and HTHS. Note that they 
are shifted toward higher frequencies in PIHS by about 
10-20 cm" 1 than in HTHS . These shifts correspond to 3- 
6 % increases in the effective "spring constants" of these 
vibration modes, which is a consequence of the local pres- 
sure within the picolylamine in PIHS. In addition, the 
appearance of peak b only in PIHS is quite remarkable. 
This can be attributed to a loss of inversion center within 
the unit cell structure in PIHS, since this line has been 
also observed by Raman spectroscopy in all the three 
states. 18 ^ (Raman and IR selection rules are exclusive in 
HTHS and LTLS where the unit cell structure has an in- 
version center.) Namely, the unit cell structure in PIHS 
should be slightly deformed from that in HTHS, although 
the local symmetry around Fe 2+ is kept Oh, causing the 
originally IR- inactive b line to appear in PIHS. The slight 
displacement of nnn C atoms, detected by X-ray absorp- 
tion, is a most probable candidate for this deformation. 
The driving force for creating this deformation should be 
the pressure on picolylamine caused by the FeN 6 cluster. 

The local deformation and pressure within the picoly- 
lamine ligands, suggested by the present IR and the X- 
ray absorption experiments, 17 ^ should be very important 
in understanding the development of PIHS over a macro- 



scopic volume in Fe-pic. It should require, as explained 
in Introduction, a strong, collective interaction among 
the Fe 2+ ions and a strong coupling between the Fe 2+ 
electronic state and the lattice. Since the X-ray absorp- 
tion results have shown that the Jahn- Teller effect is ab- 
sent in Fc-pic, it is very likely that the deformation of 
picolylamine should play an important role. Note that 
the picolylamine ligands within a [Fe(2-pic)3] complex 
are hydrogen-bonded to those within the neighboring 
complexes. 15 - ) Hence the local deformations at the pi- 
colylamine ligands caused by the expansion of FeNg and 
the hydrogen bondings connecting the picolylamine lig- 
ands at neighboring [Fe(2-pic)s] complexes are the most 
likely origin for the collective interaction among the Fe 2+ 
ions. To understand such possibility on a more micro- 
scopic basis, however, much more has to be done both 
experimentally and theoretically. In particular, further 
experiments in the far-IR region (at frequencies below 
450 cm -1 ) should provide much more insight into the 
photo- induced variations of microscopic vibration states, 
since the vibration modes of the FeN 6 clusters should 
be directly observed. In addition, lower-frequency modes 
due to FeN 6 and picolylamine are expected to be more 
sensitive to collective lattice effects. Such experiments 
are under way. 

4. Conclusions 

We have presented detailed IR absorption spectra of 
the spin-crossover complex Fe-pic in its three character- 
istic states, using single crystal samples for the first time. 
To overcome the technical difficulty with using the crys- 
tal samples, a synchrotron radiation from SPring-8 has 
been used as an IR source. In addition to the strong 
absorption lines previously observed with powder sam- 
ples, we have newly observed many fine lines. Many of 
the IR lines show strong variations upon temperature- 
and photo-induced SC's. Most remarkably, some of the 
lines below 720 cm -1 , which are due to the skeletal 
bending vibrations within the picolylamine ligands, show 
clear shifts between HTHS and PIHS. This result demon- 
strates that HTHS and PIHS involve microscopically dif- 
ferent characters. In particular, the present results sug- 
gest that the picolylamine ligands receive a strong phys- 
ical pressure upon the photo-induced SC. We have con- 
jectured that such local pressure and the resulting defor- 
mation may have led to the collective, long-range inter- 
action needed for the development of macroscopic photo- 
induced phase, aided by the hydrogen bondings bridging 
the Fe-pic complexes. 
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Table I. Assignment of absorption lines to the specific vibration 
modes of Fe-pic. The letters in the first column denote the labels 
for the observed absorption lines in Fig. 5. 



Peaks 1 


Fragments 


Vibration modes 


a 


am 


C-H deformation 


b,b',b" 


am 


skeletal -C-C-N- bending 


c 


pyr 


ring in-plane bending 


d, 61 


pyr 


C-H deformation 


e 


am 


C-H (-CRV) deformation 


f 


EtOH 


C-H (-CH 3 ) deformation 


9 


pyr 


ring in-plane stretching 


h 


EtOH 


-C-OH stretching 


i 


pyr 


CH in-plane deformation 




am 


-C-N- stretching 


J 


am, EtOH 


C-H deformation 


k 


pyr 


ring in-plane stretch 


I 




overtone or coupled. 



1 The peak labels refer to those used in Fig. 5. 

2 pyr = pyridine ring, am = aminomethyl base, EtOH 
= cthanol. 
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Fig. 1. (a) Fe 2+ and the 2-picolylamine ligands in Fc-pic. (b) A 
2-picolylamine (2-aminomcthyl pyridine) molecule, which con- 
sists of a pyridine ring and an aminomcthyl base, (c) Schematic 
electronic configurations of Fe 2 + in the high-spin (S=2) and in 
the low-spin (5=0) states. The former has a smaller crystal field 
splitting and a larger Fe-N distance, (d) The fraction of Fe 2 + 
ions in Fe-pic in the high-spin state, Jhs, as a function of tem- 
perature. 8 ) Ihs was determined by the measured magnetic sus- 
ceptibility. 



Fig. 2. Optical absorption spectra of Fe-pic at several tempera- 
tures. (The definition of optical density is explained in the text.) 
Each spectrum is vertically offset by 2. The shaded areas indicate 
absorption lines that show large temperature variations. Spectral 
resolution is 4 cm -1 . 



Fig. 4. The intensity of several absorption lines in Figs. 2 and 
3 as a function of temperature. Each curve shows the intensity 
integrated over the indicated frequency range, normalized by the 
difference between 40 and 200 K. 



Fig. 5. Optical absorption spectra of Fc-pic in the low- 
tempcraturc low-spin state (LTLS) and in the photo-induced 
high-spin state (PIHS) at 10 K. The spectral resolution is 
2 cm -1 . The labels a to i indicate the observed absorption lines, 
and used in the text. 



Fig. 3. Optical absorption spectra of Fe-pic in the 2100- 
2500 cm -1 range. The broken curve is the spectrum at 140 K, 
shown in comparison to that at 40 K. The spectral resolution is 
4 cm -1 . 



Fig. 6. Optical absorption spectra of Fc-pic in the photo-induced 
high-spin state (PIHS) at 10 K and in the high-temperature high- 
spin state (HTHS) at 140 K. Spectral resolution is 2 cm -1 . The 
same labels as those in Fig. 5 are indicated for several absorption 
lines which exhibit marked differences between the two states. 
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